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REPORT OK A WATER SUPPLY SYSTEM FOR AK OHIO TOWN
I. INTRODUCTION
In May, 1915, the Department of Hydraulic and Sanitary 
Engineering of the Engineers' Society of Western Pennsylvania, 
submitted a problem to University students, asking for the best 
design of a public water supply for an imaginary town in the 
state of Ohio. The purpose of the problem was to stimulate 
interest and give the student an opportunity for the practical 
application of his knowledge of hydraulic engineering. In 
this thesis the data submitted for the problem are used, and the 
thesis covers the features of the water supply system which are 
specified in the instructions.
The information used in preparation of this thesis was 
secured from many sources. "Public Water Supplies" by Turneaure 
8c Russell, and U. S. Geological Survey Papers, Nos. 91 and 315, 
have been referred to constantly.
II. GENERAL CONSIDERATIONS 
Location
The town is situated in the northeast corner of Muskingum 
County, Ohio, and is shown on the U. S. Geological Survey map in 
the Erazeysburg Quadrangle. The corporate limits, as shown on 
this map, are the Licking-ITuskingum Counties boundary line 
on the west; the meridian 82° - 101 on the east; the
2P. C. C. & St. I. R. R. on the north ; and latitude 40<*-4'-.30" 
north on the south.
The population at the present time is 8,000, but it is 
estimated that it will be 11,000 in 1940. A future of 25 years 
is more than a waterworks is ordinarily designed for, but the 
possibilities of rapid growth are so slight that it is best to 
provide a water supply sufficient for the requirements over this 
period, since additions to a plant based upon a growth over a 
shorter period of time would necessarily be small, and, therefore, 
increase the cost of installation.
The past and future growth of the town was determined 
from the following U. S. census reports.
Population
Year Population Percent 
Increase
1860 1,100
3,0001870 172.5
1880 3,400 13.3
1890 5,000
6,250
7,300
47.1
1900 25.0
1910 16.8
3CURVE SHOWING GROWTH OF POPULATION
Transportation
Transportation facilities consist of one railroad ana 
one electric line. The P. C. C. & st. L. R. R. is on the north 
corporation line. This is the main line between Columbus, Ohio, 
and Pittsburg, Pennsylvania. The electric line serves the terri­
tory around Zanesville, Newark, and other large towns in the 
central part of Ohio. Zanesville is a manufacturing town of
28.000 population 23 miles southeast, at the junction of the 
Licking and LIuskingum Rivers. Newark is a thriving city of
25.000 population situated in a mining district 10 1/2 miles 
west of the town. The B. & 0. railroad runs within a mile and 
a half from the south corporation line on the opposite side of 
the Licking River. The railroad will probably never serve this 
municipality with transportation facilities. The Licking River 
is not navigable.
4Industries
The industries are small and there is slight possibility 
of attracting large industries. The small industries are 
essentially those which prevail in a residential town and farm­
ing community, although coal mines are being worked in the 
hills several miles west of town. Inasmuch as the surrounding 
territory is agricultural, the town is the shipping point for 
garden truck and grain.
The industries are located between the P. C. C. & St. L.
R. R. and the main business district. A black dot, situated on 
the map (See Pig. 1} just above the center of the area comprising 
the town, is the public square (each side 400 feet between 
center lines), around which the main business district is located. 
The residence section lies to the south of the public square, 
about 25 per cent of the population being on the hillside in 
the southeast corner of the town, although no houses are built 
above contour 1,020.
Class of City
The city is mainly residential, consisting of retired 
farmers, small merchants, and the laboring class. Since the 
city is a shipping point for agricultural products a large per 
cent of the labor is employed at the grain elevators and commis­
sion houses. ?he few small industries also employ a small 
proportion of the laboring population.
5Area
The area covered by this town is 2.47 square miles, 
or 1,580 acres.
III. THE PROBLEM
The data given by the Engineers Society of 7/estem 
Pennsylvania are as follows:
"The total length of the distribution system, exclusive, 
of force main, is to be assumed as 13.2 miles; 4.6 miles of 
street are paved with brick block with cement filler on 6 inch 
concrete base; average length of service from curb to main is
10 feet; all services are to be metered. The cost of coal per
ton (heat value 12,000 B.T.U. per pound) delivered is $2.00; of
natural gas per 1,000 cu.ft. (heat value 1,000 B.T.U. per cu. ft.)
is 20 cents; of electricity per kilowatt hour is three cents."
The available sources of supply are the Licking River 
and wells. An adequate supply of comparatively soft water is 
available from Licking River situated a little more than 3/4 
of a mile from the south corporation line. Investigations indi­
cate that along the river bank a supply of pure, but hard, water 
may be obtained from wells drilled to a depth of 60 feet into 
sand.
About 25 per cent of the population is on the sidehills 
in the southeast corner of the town, although no houses are 
built above contour 1020. The lowest contour within the cor­
porate limits is 760.
Projects
Inasmuch as the range of elevation is 260 feet, and 
furthermore, only 25 per cent of the population require water 
above the first eighty feet, three schemes of distribution are 
made possible. The first provides for the distribution of water 
through one system and sufficient pressure to be maintained at 
the plant to give a normal pressure of 25 pounds per square inch 
at the highest faucet. The second scheme provides for two
6separate pumping stations, the principal station furnishing 
water for three-fourths of the population below contour 840; 
a substation situated at this elevation supplies water for ser­
vices above this elevation through a separate pipe system, 
thirdly, the distribution systems mentioned in the previous 
paragraph may be supplied by separate pumps and machinery in 
the main pumping station situated near the source of supply.
The force main for the distributing system above contour 840 
will have to be extra heavy cast-iron pipe. These schemes will 
be taken up later in more detail.
IV. CONSUMPTION
Statistics regarding the consumption of water are not 
available, and, therefore, an assumption, based upoil past 
experience with other towns of the same size and conditions must 
be made. A vital factor affecting water consumption is the fact 
that all services will be metered. In general, the installation 
of meters on the services of a city water supply usually reduces 
the consumption to 100 gallons per capita* per day or less, but 
for towns of this size the consumption varies from 50 to 75 
g.p*e.- per day.
Comparison with Table 2 of "Public Water Supplies" by 
Turneaure & Bussell corroborates this statement. Urbana and 
Champaign, Illinois, with a population of 25,000 at the present 
time (1916) have all the services metered and the consumption 
is 77 gallons per capita per day.
*Uote- Hereinafter gallons per capita will be designated by the 
abbreviation g.p.e.
7The conditions affecting the consumption vary materially 
in different localities, depending upon the size and kind of 
industries, and the class of people using the supply. Small 
industries are not likely to consume much water, hut on the other 
hand, a laundry will consume considerable water. However, since 
the industries are small and of the type requiring only a small 
quantity of water, and since the inhabitants are not wealthy, 
an average consumption of 80 g.p.c. per day will be a reasonable 
figure.
With a consumption of 80 g.p.c. per day and a population 
of 11,000 inhabitants, the average consumption will be 880,000 
gallons per day, or 610 gallons per minute.
The consumption will not be the same for each day.
During the winter season the consumption will be large because 
consumers leave faucets running to prevent freezing of pipes. 
Considerable water is used during the summer for lawn sprinkling. 
The maximum seasonal variation may be about 130 per cent of 
the average.
■‘■he maximum daily variation in consumption may be 175 
per cent of the average while the maximum hourly variation may 
be 150 per cent of this, or 262 per cent of the average consump­
tion. The maximum consumption usually occurs in the morning 
when the industries commence work. The minimum usually occurs 
shortly after midnight.
An adequate pressure and water supply for fire protection 
may be secured by two methods, (l) the use of fire engines, or 
(2) maintaining the pressure at the pumping station. Fire engines 
can be used to an advantage where a large percentage of the
8streets are paved. Only 10 per cent of the street mileage 
in this town is paved. The southeast portion of town is very 
hilly which would make traveling with fire engines very uncertain. 
It would he unwise to design service pumps to supply sufficient 
water for fire protection for a town of this size. Three or four 
fire engines would he required and these must he distributed 
in different parts of town. The first cost would, therefore, he 
at least 300 per cent more than the first cost of a fire pump.
The fire pump has the advantage that it can he put into opera­
tion at a moments notice. Successful operation is more certain 
with the fire pump. Since conditions in this town are not 
favorable for using fire engines, fire protection will he main­
tained by a fire pump situated in the pumping station.
The amount of water or the number of fire streams likely 
to he required simultaneously for the entire city can he com­
puted from a formula proposed by Emil Kuichling, "y equals 2.8 
times the square root of x, where x is the population in thousands 
and y is the number of fire streams". Substituting 11 for the 
value of x in the formula, and solving gives 9 for a value of y, 
or 9 fire streams are required. With a discharge of 250 gallons 
per* minute for each stream, 2,250 g.p.m. would he 
the maximum fire consumption.
The buildings are not more than three stories high and 
are built close together only in the business district. Damage
*Note- Hereafter the abbreviation g.p.m. will designate 
gallons per minute.
9from fire would be the greatest in this district. Since the area 
of closely spaced buildings is small the maximum duration of a 
fire would be about 5 hours. The maximum fire consumption based 
upon a period of 5 hours duration would, therefore, be 675,000 
gallons.
The maximum hourly variation is not likely to occur 
during a large fire, but the monthly variation (130 per cent) 
may. Should the monthly variation be maintained throughout 
the day and a maximum fire consumption of 5 hours duration 
occur the same day, the maximum possible days* consumption 
would be 1,820,000 gallons.
V. SOURCES .
Licking River
The Licking River flows about 3/4 of a mile from the 
south corporation line and would furnish an adequate supply 
of comparatively soft water. The drainage area is mainly agri­
cultural land, except in the hills around Newark, which is an 
extensive coal mining district. The area drained above the 
dam site is 700 square miles.
-‘-urneaure 8c Russell in "Public Water Supplies” estimate 
the average minimum run-off for streams in the northern Atlantic- 
Coast States as 0.1 cubic feet per second per square mile, 
which, if applied to this drainage area, would give 70 second 
feet as the minimum possible flow in Licking River. According
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to statistics obtained on the total discharge of the Muskingum 
River, (drainage area 6,849 square miles,) the minimum run-off 
is 0.03 second-feet per square mile. These statistics are found 
in the U.S. Geological Survey Bulletin Bo. 91 and the minimum 
run*off occurred during the months of September and October, 1899. 
Taking 0.03 second-feet per square mile run-off as a basis the 
minimum flow for the Licking River at the dam would be 21 sec. ft. 
The minimum run-off for the Licking River basin will not vary
materially from that of the Muskingum River and can be used for 
comparative purposes.
Since the drainage area is extensively agricultural and 
mining territory, the water will contain considerable sediment, 
particularly during periods of heavy rainfall. This fact is 
brought out in the U.S. Geological Survey Water Supply Paper 
Ho. 91-* page 108, while speaking of the water supply of Bewark 
obtained from the same source in the statement, "the surface 
water is used only when the water of the creek is clear, and in 
this way is not very objectionable, though the run-off is derived 
from thickly settled farming district and is rather impure".
Bewark, a city of 25,400 population (1910), discharges 
sewage into the Licking River at a point 10 miles above the 
proposed intake. The estimated dry weather flow of sewage is 
3.3 cubic feet per second. The amount of sewage discharged 
during rain or flood is unimportant, because the sewage would be 
diluted, and, therefore, not as strong as dry weather sewage.
If the minimum flow of 21 second-feet in the Licking River and 
the sewage discharge of 3.3 second-feet occur at the same time
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the sewage will he diluted 6.4 times, which is exceedingly low. 
Consequently, the river will he highly polluted during low 
water periods.
Whenever sewage is discharged into a stream, there is a 
possibility of contamination for a considerable distance down­
stream. The rate of purification depends upon a number of condi­
tions, such as the rate of flow, character of bed and shores, 
amount of sediment carried in the water, etc. "Stutzer and 
Knublauch (Turneaure & Russell, Public Water Supplies, page 157) 
found an evident purification of the Rhine below Cologne in 
2 miles' flow. Six miles below the bacteria content on the left 
bank was reduced one-third".
An analysis of the water supply of the city of Newark, 
taken from the Licking River, and of the city of Zanesville, 
taken from the Muskingum River, as reported by the Ohio State 
Board of Health in 1904 gives an idea of the character of 
surface water supplies from these watersheds.
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Water Analysis
by the
Ohio State Board of Health (in p.p.m)*
Sample No. 3799 4167Date sampled July 2,1904 Nov. 3, 1904Source Muskingum Licking Biver
Biver
Water supply for Zanesville Newark
Color 28 10Turbidity 275 traceSediment decided traceOdor
Ammonia earthy earthy
Albuminoid .198 .02Free .048 .006Nitrites .003 traceNitrates trace noneOxygen required 4.26 .43Chlorine 24 4.6Alkalinity 97 200.Incrustants 41 21!ron trace traceResidue on evaporation
Total 417 296Doss on ignition 100 60
Bacteria 1900 300Colon present yes in 1 cc. yes in 1 cc.
Since the stream is contaminated with Newark sewage
only 10 miles above the source of supply, the possibility of
disease-producing organisms being present is very probable. The
fact that the water is liable to be contaminated renders it
unsafe and unfit for a public water supply without purification.
Wells
Invest igat ions indicate that water may be obtained from
wells drilled to a depth of 60 feet into i3and along the river
bank, the wells producing 200 gallons per minute at first draught
’“Note- p.p.m. means parts per million.
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when spaced 500 feet apart. Definite information in regard to 
the water level is lacking. An assumption that the water level 
is 10 feet from the ground surface is reasonable for wells 
driven near streams. Variations in the water level may be as 
much as 20 feet. Under these conditions the water level may be 
as much as 30 feet below the surface of the ground. Pumping may 
reduce the level in the well to a depth of 40 feet. Further 
investigation indicates that the discharge varies as the distance 
between wells to a limit of 500 feet, i.e. wells spaced 250 feet 
apart discharge 100 g.p.m. Wells delivering 200 g.p.m. upon 
first draught cannot be expected to maintain this rate inde­
finitely. A reasonable discharge which can be depended upon 
is about 150 g.p.m. per well. If each well discharged 150 g.p.m. 
four wells would be required to supply the normal demand. The 
wells will not furnish water continuously, because the machinery 
must be stopped for repairs, and overhauling. For a factor of 
safety a total of 6 wells will be provided, spaced 50^ feet apart.
The well water is potable but hard, and contains 4 parts 
per million of iron. The possibility of contamination from the 
surface is remote.
Iron is objectionable in a public water supply because 
of the reddish brown growth usually found in water of high iron 
content and the bad taste which prevails. The reddish brown 
growth is due to the iron bacillus, Crenothrix, which forms 
inside the water mains. Ihis organism is often stirred up, 
giving the water a muddy appearance which is objectionable in 
a public water supply. Lavatory fixtures and culinary ware are
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atained, or discolored by iron, if present in water in larger 
quantities than a half part per million. These objections 
can be overcome by removing the iron by precipitation and 
fiItration.
In case either the river or wells were used as a source 
of supply, a filtering plant would have to be built to purify the 
river supply, or to remove the iron from the well water. Since 
either source can be used, if filtered, the cost of developing 
either source is the prevailing factor in the choice. A dam 
10 feet high would have to be constructed to form a pool in 
front of the intake.
The cost of filtering and iron removal should be con­
sidered in determining the cost of developing each source, 
because the difference in cost may offset any advantage one 
source may have over another. Table 1 shows the first cost, 
capitalized cost, and sinking fund required for the development 
of the two sources. Also, a comparison between steam and 
electrical equipment is shown. A glance at the table shows 
that the river could be used as a source at a capitalized cost 
of 313,785. while on the other hand, the lowest capitalized cost 
of wells equipped with steam power is $47,599. Adding the capi­
talized cost of the filtering plant, $6,4450. to $13,785. gives 
$78,235. as the lowest capitalized cost of the river as a source 
of supply. The capitalized cost of the iron removal plant, 
($75,030.) added to the capitalized cost of the wells,($47,599.) 
gives #123,629. as the annual cost of the wells as a source of 
supply.
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TABLE I
COMPARISON OP DIFFERENT SOURCES 
Supply from River
Steam Equipment
Dam
Intake, pipe line 
and wet well 
Pumps (E)
Operation
Filter plant complete 
Total
Electrical Equipment
Dam
Intake, pipe line 
and wet well 
Pumps and motors (2) 
Operation
Filter plant complete 
Total
Steam Equipment
Wells, (6) accessories 
Pipe line
Iron removal plant 
complete 
Total
Electrical Equipment
Wells (6) accessories 
Pipe line 
Iron removal plant 
complete 
Total
First Capitalized 
Cost Depre­
ciation
P 2,910.
2,397.
1 ,000.
21 .200.
"27,507.
2,910.
2,397.
1,232.
2l_,_200.
167. #
137.
304.
Annual Total
Operation Capitalized 
8c Maint- Cost,
enance
$ 3,077.
6,450.
7,058.
167.
137.
375.
6,450.
412. 
2^209.
2,534. 
1,304.
64.450. 
2,621. 78,235.
3,077.
27,739. 7,129.
Supply from Wells
1,300.
2.209.
3,509.
2,534. 
1,607. 
21,700. 
64t450. 
93,368.
# 6,188. $ 1,880.. 1 2,185. $44,068.3,340. 191. 50 3,531.
21.000. 6,390. 1.500. 57.290.30,528. 8,461. 50 3,685. 104,889.
6,120. 1,858. 5,374. 97,678.3,340. 191. 50 3,531.
21.000. 6.390. 1.500. 57.290.$ 30,460. f"8,529. 50 $6,874. #158,499
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I would recommend the river as the source of this 
public water supply, since a capitalized saving of $>26,654. 
can be affected over the cost of the wells. I would further 
recommend the river water be filtered as it is unfit for a 
public water supply without purification.
VI. PURIFICATION
The purification plant will be situated 4,000 feet 
south of the south corporation line and about 600 feet east of 
the projection of the west corporation line. The intake will 
be located 1,780 feet south and a little west of the purification 
plant. For the location of the purification plant see Fig. 2.
The method of purification best suited for this public 
water supply is the rapid sand filter, because it is very effi­
cient, flexible, and the filtering area required is small.
A brief description of the purification process will 
be given before taking up the details. The river water having 
been dosed with alum passes through the mixing channel to the 
coagulating basin. From the coagulating basin the water is con­
veyed through a 12 inch cast iron pipe to the filter beds. The 
coagulant in the water forms a film over the sand bed through 
which the water filters. After passing through the filter, 
the water is drained to the clear water basin.
The difference in first cost between a million and a 
half gallon plant and a million gallon plant is relatively small 
and the larger capacity will therefore be selected. The rate of 
filtration assumed is 125,000,000 gallons per acre per day. The
17
size of the filter area per unit is 12 by 15 feet. The water will 
be pumped from a sump shown on the general plan (see Fig. 3) 
at elevation 735 to the mixing chamber at elevation 760.5, where 
the chemical (alumj is applied in solution through a perforated 
pipe. Then it passes through the mixing channel, 5 feet wide and 
2 feet deep, which is baffled with round-the-end baffles into 
the coagulating basin north of the pumping station. The time 
allowed for coagulating is two and four hour periods, the former 
obtained by diverting the water into basin 1 at the south end.
The water passes from basin 1 through an opening at the north 
end in the division wall into basin 2. From basin 2 a 12 inch 
pipe carries the coagulated water to the filters. A period of 2 
hours coagulation is obtained by closing the opening into basin 1 
with a sluice gate and allowing the water to flow the full length 
of the channel (to the north end of the basin) and discharging 
into basin 1 and 2 at the same time. Water from basin 1 is 
withdrawn through a 12 inch cast iron pipe the same as for basin 2.
The coagulated water main extends in front of all three 
of the filters and entrance into each filter is controlled by a 
valve. The influent is distributed over the filter through the 
wash water drainage troughs.
The depth of sand in the filter beds is 2 1/2 feet which 
covers 15 inches of graded gravel immediately above the drainage 
pipes. The drains will be perforated brass plates set in con­
crete, commonly known as the ridge and valley type of construction. 
The water collected in the drainage pipes passes through a valve 
and a rate controller, and discharges from a 12 inch cast iron 
pipe into the clear water basin.
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The filter bed will he cleaned with wash water only 
and a centrifugal pump will he used to furnish the necessary 
pressure. A duplicate wash water turho pump is provided in 
case one should he out of commission. Wash water will he applied 
at the rate of 18 inches vertical rise per minute, equivalent 
to 6 gallons per minute per square foot of sand area. The 
size of the wash water pipe is 6 inches.
The operation of the filter is as follows:- 7/hile the 
water is being filtered, the influent and effluent valves are 
open, the filtered water waste valve and the waste valve are 
closed. To wash the filter the influent valve is closed and the 
filter is drained. Then the effluent valve is closed and the 
wash water valve is opened. The wash water pipe is connected to 
the under-drainage piping of the filter. The waste valve is 
opened and the wash water which is collected in troughs in the 
filter passes into the drain. The wash water pump is started 
and the filter sand washed for a period of ten minutes, or until 
the waste water is clear. The wash water is turned off and 
the pump is stopped. The waste valve is then closed and the 
filtered water waste valve is opened. The water passing through 
the filter is wasted for a short time, then the drain is shut off 
and the effluent is allowed to flow to the clear water basin.
VII. EQUALIZING RESERVOIR
The capacity of the clear water basin must he such as 
to equalize the fluctuations in rate of consumption in order 
that the filters can he operated at a constant rate. The condition;!
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affecting the storage capacity are the maximum consumption and 
the fire consumption. A fire may occur when the variation is 
130 per cent (monthly variation) above the average and this may 
last for five hours, requiring 238,000 gallons. There should be 
at all times 4 hours’ supply in storage which would amount to 
146,500 gallons. She fire consumption plus 130 per cent of 
normal consumption for five hours is 913,200 gallons. Subtracting 
the amount filtered during the five hours and adding four hours’ 
storage gives 876,000 gallons. The storage capacity should be 
850,000 gallons and a concrete reservoir 87 feet on the side 
and 15 feet deep will be built. The elevation of the water sur­
face is 750.
VIII. DISTRIBUTION SYSTEM
The topography of the town is very rough, ranging from 
contour 760 to 1,020 and 25 per cent of the population reside 
above contour 840 in the southeast corner. The three schemes 
of distribution mentioned under "the Problem" will now be taken 
up in detail.
Scheme _I
The first scheme provides for a pressure at the pumping 
station sufficient to maintain a normal pressure of 25 pounds per 
square inch at a service faucet situated at contour 1,020. The 
difference in elevation between the water in the reservoir and 
contour 1,020 is 270 feet. A pressure of 145.0 lb. per sq. in. 
will be required at the pumping station for normal consumption.
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Considering 80 lb. per sq. in. for fire pressure at the hydrant 
in the residence district, the fire pressure at the plant will 
be 233 lb. per sq. inch. A discharge of 175 g.p.m. per fire 
stream is secured at this pressure.
Under normal conditions the above scheme is not econo­
mical because all of the water is pumped against a head of 145.0 
lb. per sq. inch while only one-fourth of the total consumption 
need be furnished at this pressure. Furthermore, considerable 
trouble may be encountered when the pressure is above 130 lb. per
sq. inch, because of leakage in the mains. The pressure required
the
in this scheme over-stresses J_ standard classes of cast iron pipe.
Inasmuch as this scheme is uneconomical and requires 
special pipe for the distribution system, it will not be considered
Scheme II
Two pumping stations are to be provided in the second 
scheme as well as two distribution systems. The main pumping 
station furnishes water for the distribution system below con­
tour 840 while an auxiliary, or substation, pumps water from the 
lower system to another distribution system between contours 
840 and 1,020.
Contour 910, immediately east of the public square must 
be supplied by the lower distribution system and a pressure of 
185 lb. per sq. inch must be maintained at the main pumping 
station in order to have 25 lb. per sq. inch at a faucet 
situated at contour 910. To maintain 25 lb. per sq. inch normal 
pressure at contour 1,020, the pressure at the substation must be 
106.1 lb. per sq. inch.
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Alternate
A modification can be made in the pumping scheme of the 
second distribution system by having an elevated tank furnish the 
normal pressure. The elevation of water in the elevated tank 
would be 1,077.5 and the tank would be about 50 feet above the 
ground. The capacity of the tank will be 50,000 gallons and must 
be filled four times a day. The time of filling the tank could 
be controlled automatically by a float arrangement which would 
obviate the necessity of having a man at the substation contin­
uously. In case of fire the elevated tank valve could be closed 
with a hydraulic valve by electricity operated at the main pump­
ing station.
Table II
COST OF ALTERNATE, SCHEME II
Item Cost
Elevated tank (accessories) # 2,950.00
Motors (2) at $167.50 335.00
Centrifugal pumps (2) at $400.00 800.00
Fire equipment
Motor 2,148.00
Centrifugal pump 600.00
Wiring 50.00
Building 1.800.00 
$ 8,683.00
Operation
Power 3,520.00
Labor 730.00
Oil-repairs 300.00
Operation for one year $ 4,550.00
Capitalized Cost*
First cost $ 8,683.00
Interest deposit 75,800.00
Depreciation 2.640.00
Capitalized cost $87,123.00
*note.- Life of plant taken at 25 years.
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Table III
COST OP SUBSTATION AND ACCESSORIES
Item
Building
2 - 150 gal. centrifugal pumps
1 - 750 " " pump
2 small motors 
Fire pump motor
Miscellaneous (switchboard, etc.) 
Total first cost
Operation
Cost
$ 1,800.00 
500.00 
1,000.00 
335.00 
1,074.00 
50.00 
$ 4,759.00
Attendance
Oil-repairs
Power
Operation cost per year
1.460.00 
300.00
3.520.00 
I 5,280.00
Capitalized Cost.
First cost 
Interest deposit 
Depreciation
Capitalized cost.
4.529.00
88,200.00
1.450.00 
$94,409.00
Table 2 shows the first cost, the depreciation, 
cost of operation, and the capitalized cost of the scheme 
in which the normal pressure for the second distribution is 
maintained by an elevated tank. The above costs are also 
shown in table 3 for the plan whereby the normal pressure 
is maintained with a pump located in the substation.
Comparing tables 2 and 3 it will be seen that the
capitalized cost of the alternate (elevated tank) scheme is 
$7,286.00 lower than the plan in which the service pump at the 
substation operates continuously. Therefore, for the sake of 
economy as well as ease of operation the elevated tank scheme 
will be adopted tentatively.
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To maintain a fire pressure of 80 lb. per sq. inch 
at the hydrant on contour 1020, the pressure in the substation 
must he 182 lb. per sq. inch, while the fire pressure in the 
main pumping station for the lower system must be 240 lb. per 
sq. inch. Before deciding upon the merits of this plan let 
us consider the third scheme.
Scheme III
The third scheme provides for the two distribution sys­
tems previously described, but instead of having a substation 
located at contour 840, the pumps furnishing the second, or higher 
distribution system are to be placed in the main pumping station. 
The force main to the second distribution system must be a 
special designed cast iron pipe, because standard makes will be 
over-stressed.
The length of force main to the second system is approxi­
mately 4230 feet. About 150 gallons per minute will be required 
for normal consumption while 700 g.p.m. is necessary in case of 
fire. The normal pressure necessary at the main pumping station 
to maintain 25 lb. per sq. inch at a faucet situated at contour 
1020 is 145.8 lb. per sq. inch. The fire pressure depends upon 
the size of the pipe used in the force main and table IV shows 
the comparative costs of 8 and 10 inch cast iron force mains.
The fire pressure necessary to maintain 80 lb. per sq.
inch hydrant pressure at contour 1020 is 243.4 lb. per sq. inch, 
velocityThe economica^/is developed in the 8 inch pipe under normal con­
ditions. The velocity in the 10 inch and smaller than 8 inch
_ _______ ________ —
24
pipes under normal conditions is not economical. An 8 inch force 
main will therefore be used, because the economical velocity 
is obtained and $1,190.00 is saved in the first cost over 
a 10 inch main. A smaller size than 8 inches would not be 
justified because the head loss would be excessive. The normal 
pressure for the lower distribution system will be 190 lb. per 
sq. inch. The normal rate of consumption for the lower distri­
bution system is 450 g.p.m. while the upper is 150 g.p.m.
Table IV
COMPARISON OP 8 and 10 INCH FORCE MAINS
Size Head Total cost Difference loss Head
Inches Feet earth exc. in cost per 1000
8 560 $ 4,060. 25 ft.
10 500 5,250. 1,190. 9 "
Table V
COST OF 8 INCH FORCE MAIN
4230 feet long at 96 cents per foot.
First Cost $ 4,060.
Depreciat ion 233.
Capitalized cost $ 4,293.00
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Conclusion as to Best Distribution System 
To arrive at a conclusion regarding the last two 
schemes, it will be necessary to ascertain the capitalized
be done
Capitalized
Cost
142,865.
87.123. 
$229,988.
283,957.
87.123. 
#371,080.
166,199.
4.293. 
#170*492.
As can be seen from table 6, scheme 3 is the more 
economical, since the capitalized cost of the main pumping sta­
tion and force main (the distribution system pipe not included) 
is $170,492. against $229,988. for scheme 2. The pumping 
station will be equipped with steam, because the cost of 
electrical equipment and operation is very much more 
than steam.
cost of the main pumping station equipment, which will 
without going into details.
Table VI
COST OP DISTRIBUTING SCHEMES 
Alternate, Scheme II First CapitalizedAnnual 
Cost Depreci Operation 
ation & Mainten 
ance
Main pumping stationfsteam)# 24,309. 7,390. 6,670.
Second system (elev.tank) 8,683. 2,640. 4,550.
Total $32,992.#10,030. $11,220.
Alternate. Scheme II
Main pumping station(elec) 16,067. 4,890. 15,745.
Second system (elev. tank) 8,683. 2,640. 4,550.
Total $24,750. $7,530. $20,295.
All pumps in same station 
Scheme III
Main pumping station(steam) 25,839. 7,860. 7,950.
Special force main 4,060. 233.
Total $ 29,899. $8,093. $7,950.
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Table VII
CAST IRON PIPE IN DISTRIBUTION SYSTEM 
{Force main not included)
Lower System
Kind Size No. Length C o s t RemarksInches Miles Feet Unit TotalStraight 6 516 .65 $ 335. Earth exc6 1.7 9000 .65 5840. under pave­6 2.7 14250 .95 13540. ment8 4.5 23750 .84 19900. Earth exc8 1.5 7930 1.14 9050. pavementCrosses 6 7 5.00 35.rt 8 18 7.50 135.Valves 6 18 21.00 378.tt 8 15 28.00 420.Hydrants 43 30.00 1290.
$50923.
Second system
Straight 6 132 .65 85.6 2.7 14250 .65 9260. Earth exc8 0.1 528 .84 444.Crosses 6 9 5.00 45.Valves 6 8 21.00 168.Hydrants 11 30.00 330.
$10332.
The total mileage of cast iron pipe is 13.2, 6.1 
miles being 8 inch and 7.1 being 6 inch pipe. About 4.2 miles 
pipe will have to be laid under a brick pavement with a 6 
inch concrete base. An additional 0.12 mile of 6 inch pipe is 
required for hydrants. Table VII shows the cost of the items 
composing the distribution system. The first cost of pipe in 
the distribution system is $61,255. and the capitalized cost is 
$64,765.
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Table VIII
CAPITALIZED COST OP DISTRIBUTION SYSTEM*
First Capitalized Annual oper Capitalized 
Cost Depreci ation & Main cost 
at ion tenance
Pipe C.I. (accessories)$61,255. $3,510. $54,765.00
The advantages of scheme 3 aside from economy are;
(l) the pumps are always under the observation of the pumping 
station attendant, (2) simplicity of operation, (3) fire control 
is more certain, since a man is always present when starting 
the pump, which would not be the case if the fire pump in the 
substation were controlled by electricity at the main pumping 
station. A disadvantage is the high pressure upon the mains 
and services which are liable to cause trouble due to leakage.
Scheme 2 has the advantage in the fact that the pres­
sure in the upper distribution system is not excessive. The 
fire pump in the substation not being under observation when it 
is put into operation from the main pumping station, is a 
disadvantage. There is an element of uncertainty in shutting 
off the elevated tank in case of fire. Another disadvantage 
is lack of the constant services of an attendant in the 
substation.
The advantages gained by adopting scheme 3 exceed its
disadvantages and the advantages of scheme 2. Therefore, I
recommend the adoption of scheme 3 for the following reasons
fl) the operation of the pumps is always under the observation
of an attendant, (2) simplicity of operation, (3) fire control 
*Note:- Life of cast iron pipe assumed to be 50 years.
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is more certain, and (4) it costs less than the other schemes.
IX. PUMPING STATION
The pumping station will be situated adjacent to the 
filter plant. The building proper will be joined to the head 
house of the filter plant and will contain two supply pumps, 
two sets of service pumps, two wash water pumps, two fire pumps, 
three boilers, coal bunkers, and an office together with the 
necessary pipe and steam fittings.
The wet well is situated south of the pumping station.
It is 8 feet in diameter and 20 feet deep. The elevation of the 
cover is 750. A 12 inch cast iron pipe laid upon a 2.5 per cent 
grade, whose elevation at the intake is 734.5 and the invert 
at the point of discharge into the wet well is 730.5
Under normal conditions water will be pumped from the 
wet well (elevation 740) to the mixing chamber (elevation 760.5). 
The normal head upon the supply pump is, therefore, 20.5 feet 
and the maximum is 25.5 feet. The rate of flow will be fairly 
constant and the head will vary but little within a range of 
5 feet. However, in choosing a pump for these conditions 
economy of operation and first cost are important considerations 
affecting the kind of pump to be installed. Since the discharge 
(610 g.p.m.) is constant and the head nearly so, maximum economy 
is secured by installing a pump which will have maximum efficiency 
at full load.
If electric power is used, centrifugal pumps will have to 
be installed, because a motor attached to a power pump will burn
£9
out if no water was being used and the motor were allowed to 
run. The efficiency under varying loads would not be maximum 
and consequently, considerable power would be wasted by using 
a centrifugal pump and a constant speed motor. The change in 
speeds of a motor are limited and it would be impossible to 
change the speed for every change of load. The kind of machinery 
to be installed depends upon the economy of operation and the 
efficiency of the plant as a whole.
will
The centrifugal pump driven with a steam turbine/probably 
require more steam per water horsepower developed than direct 
acting pumps. Furthermore, the centrifugal pump operates at a 
constant speed should the discharge become very small and the 
head decrease the speed will not vary, the propellers churn the 
water in the pump without doing work, which reduces the efficiency. 
The floor space occupied is small which is an advantage.
On the other hand, fluctuation in load on a direct acting 
steam pump does not cause waste in power, because the steam 
consumption decreases with a decrease in load. Another feature 
favoring the direct acting pump is simplicity of operation.
A piston pump has the disadvantage that sand grains be­
come lodged between the piston and the cylinder, which wears the 
inside surfaces of the cylinder until water slips past the 
piston. This reduces the efficiency of the pump.
The outside packed plunger pump is not materially 
affected by sand grains which reach the pump chamber as in the 
case of a piston pump and the plunger pump also has the advantage 
that the packing is conspicuous and easily reached.
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The direct-acting outside packed plunger pump will he 
chosen for the equipment of this pumping station, because (1) 
of its simplicity of operation, (2) of the economy of steam con­
sumption, (3) of the ease of reaching the water cylinder packing, 
and (4) because a high efficiency is maintained for varying loads.
Before deciding upon the type of machinery to be installed, 
the most economical type considering the fuels, coal, electricity, 
and natural gas should be ascertained.
Steam Equipped Pumpinfe Station
The annual cost of steam equipment will be considered 
first. The following efficiencies will be assumed as applicable 
to this plant:- mechanical efficiency of combined pump and 
engine, 65 per cent; transmission, 95 per cent; thermal effi­
ciency of engine, 10 per cent; and the boiler and grate, 60 per 
cent.
The supply pump must deliver 610 gallons per minute against 
a head of 20.5 feet or deliver 3.145 actual horsepower. The heat 
value of the coal is 12,000 B.T.U. per lb. and the amount of coal 
per hour required for the supply pump is 19.5 lbs. The service 
pump for the first or lower system must furnish 450 gallons 
per minute against a head of 235 feet and requires 26.6 A.H. power. 
Ihe service pump for the second distribution system must deliver 
150 gallons per minute against a head of 336 feet and requires 
12.6 A. H.P. The total actual horsepower delivered by the ser­
vice pumps is 41.2 and 237 lbs. of coal per hour are burned to 
furnish steam for these pumps.
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Therefore, the total amount of coal per hour required 
for continuous operation of the two service pumps and supply 
pump is 256.5 pounds. Coal consumption at the rate of 256.5 
Ihs. per hour would require 1115 tons per year and at $2.00 
per ton would cost $2,230. Coal will he obtained by running a 
track from the Ohio Electric Hailway to the plant.
The total number of B.T.U. per hour burned at the grate 
for the supply and service pumps under normal conditions is 
3,073,000. Only 75 per cent of this heat energy is utilized in 
heating water and an additional 20 per cent should be added for 
auxiliaries, such as boiler feed pumps, etc. The total B.T.U. 
per hour which is utilized in making steam is 2,760,000, or a 
boiler with a capacity of 82.5 Boiler horse power is required for 
normal conditions.
The additional capacity required for fire is 435 boiler 
horsepower. Since the peak load may reach 262 per cent of the 
normal consumption, which requires 216 boiler horsepower and this 
is liable to happen at the same time a fire is raging, the total 
required is 651 boiler horsepower. Boiler output can be raised 
to 200 per cent of its normal capacity for short intervals of 
time, but 150 per cent is considered a fair figure. Three water 
tube boilers of 150 boiler horsepower each will fulfill the 
requirements. The cost computed from the formula, 8.25 times 
b.h.p. plus 150 dollars is $3,860. per boiler.
The fire pump for the lower distribution system must de­
liver 1,100 gallons per minute against a pressure of 190 lbs. 
per sq. inch while fire protection for the second distribution 
system is maintained with a pump delivering 700 -g.p.m. with a
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head of 560 feet, or 243 lh. per sq. inch. The cost of the 
steam plant complete is shown in table X.
Table IX
COST OF MACHINERY PLACED IN ONE STRUCTURE
Steam Equipment
Item No. Rating Cost
Pieces Discharge Head Unit Total
Building (76520 cuft) $11,480
Supply pump 2 610 g.p-m. 20.5 ft# 500.00 1,000
Service pump 2 450 235 TT 450.00 900
Service pump 2 150 336 If 300.00 600
Fire pump 1 1100 ?? 436 If !> 2276.00 4,550Fire pump 1 700 w 560 ")
Boilers W.T. 3 150 boiler !h.p. 1620.00 3,860
Auxiliariesf 20$)
77.9#
772
Cast iron pipe 8 inch 272 ft. per foot 275
$ 25,839.
Table 10 shows the labor required and the cost 
of operation.
The capitalized cost of the pumping station equipped 
with steam is $169,699.00.
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Table X
COST 0? PUMPING STATION EQUIPPED WITH STEAM
Operation Cost per 
year
labor
1 Superintendent
2 Firemen at $70. per mo.
1 Chief engineman at $90.per mo. 
1 Asst. " " $80. " "
1 Handy man " $50. " "
$ 1,200.00 
1,680.00 
1,080.00
960.00
600.00 
$5,520.00
Power
Supply pump 19.5 lb. per hour 
Service pump 237 " " "
Total coal per 256.5 or 1115 tons 
per year
Recapitulation
Operation
Labor
Power
Supplies-rapairs
Total cost
$2,230.00
$5,520.00
2,230.00
400.00
$8,130.00
per year
Electrically Equipped Pumping Station 
As stated before a plant operated with electricity must 
be equipped with centrifugal pumps. The mechanical efficiency of 
the pump is assumed to be 65 per cent while the motor has an 
efficiency of 90 per cent. Based upon the above efficiencies 
and using the same actual horsepower as figured under steam equip­
ment, the supply pump motor must be 3.62 kw. motor, the service 
pump motor a 52.3 kw. motor and the fire pump must have a 248 kw. 
motor. The cost of the motors is obtained from the formula 
9.7 times kw. plus 81 dollars. Table 11 shows the estimated cost 
of pumps and motors.
An itemized cost of the operation is shown in Table 12.
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The supply pump motor requires 3.62 kw. per hour and 
the service pump motor 55.9 kw. per hour. The annual cost of 
power at the rate of 3 cents per kw. hour is #14,700.00. The 
total cost of operation per year is shown in table 12.
Table X I
ELECTRIC POWER EQUIPMENT IN PUMPING STATION
Item No. Rating 
Pieces Discharge 
g.p.m.
Head C o s t
Ft. Unit Total
Building
(25200 cu.ft.) 
Centrifugal supply
Pump 2
Motors 2
Service pump(Cen) 4
Motors 4
Fire pump (Cen.) 2
Cast-iron pipe 216 ft
8 inch
#3,780.00
610 20.5 # 500.00 1,000.005 h.p. 116.00 232.00450 235
150 336 300.00 1,200.008 h.p. 248.00 992.001100 436 1000.00 2,000.0077.9 lb. 219.00
#16,067.00
Table XII
COST OF OPERATION OF ELECTRICALLY EQUIPPED PLANT
Operation
1 superintendent 
1 night man at #2. per day 
1 day man at #2. per day 
1 handy man at #50. per month
_ TotalPower
Service pump motor uses 52.3 kw. 
Supply " " " 3 . 6 2 "
Total current, motors use 55.92
Cost per year 
# 1,200.00
730.00
730.00
600.00 
# 3,260.00
per hourtf n
3 cents per kw. hour, 55.92 kw. per hour costs ,700.00 per year.
Recap itulation 
Operation costs 
Power "
Stipplies-re pairs 
Total cost
3 3,260.00 
14,700.00 
285.00
,245.00 per year
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Table XIII
CAPITALIZED COST OF ELECTRICALLY EQUIPPED PLANT
First Capitalized Annual Capitalized 
Cost Depre- Operation Cost
elation & Mainten 
anoe
Pumping station $16,067. $ 4,890. $18,245. $324,957.
complete
Pumping Station Equipped for Natural Gas Fuel
Natural gas can be obtained for 20 cents per 1,000 
cubic foot (heat value 1,000 B.T.U. per cubic foot). It is 
assumed that the gas in question cannot be used in internal com­
bustion engines, but only as fuel for heating boilers. According 
to Gebhart, "Steam Power Plant Engineering", 83 pounds of coal 
with a heat value of 12,000 B.T.U. is equal to 1,000 cubic 
feet of natural gas (heat value 1,000 B.T.U.). Gebhart also 
states in the same book that 72 per cent of the heat value of 
gas fuel is converted to steam. Since the efficiency of the 
boiler and grate is 60 per cent, the heating value of gas re­
quired is equal to the heat value of 214 pounds of coal. The 
amount of gas required is 22,600,000 cubic feet per year and 
costs $4,420.00 per year. If the equipment were the same as for 
steam, the reduction in the building space would be 15,504 cubid 
feet, or $2,325.00 would be saved.
The cost of operation is shown in table 14.
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Table XIV
COST OF OPERATION WITH NATURAL GAS FOR FUEL
Operat ion 
Labor 
Power 
Supplies
Cost per year 
$ 5,520.00 
4,420.00 
300.00
Total $10,240.00
The capitalized cost of the plant equipped with natural 
gas as a fuel is shown in table 15.
Table XV
CAPITALIZED COST OF NATURAL GAS PUMPING PLANT
First Capitalized Annual Capitalized
Cost.Depreciation Operation & Cost
Maintenance
Pumping station
complete $23,514. $ 7,140. $ 10,240. $ 200,654.
An idea of the comparative cost of the pumping station 
equipped with the different fuels can be obtained from table 16, 
which shows the first cost, depreciation, operation and main­
tenance, and the capitalized cost of the different plants.
Table XVI
COMPARISON OF EQUIPMENT FOR DIFFERENT FUELS .
Kind of First CapitalizedDe- Annual Capitalized
Cost preda­
tion
Operation & 
Maintenance
Cost
Cost $25,839. $ 8,150. .$ 7,860. $ 169,699
Electricity 16,067. 4,,890. 18,354. 324,957
Natural Gas 23,514. 10,240. 7,140. 200,654
37
The fuels rank according to their economy with coal first, 
natural gas second, and electricity last. A saving of #30,955.00 
can he effected in the capitalized cost by iising coal instead of 
natural gas, and #155,258. can be saved if coal is preferred 
to electricity.
In view of the fact that coal is the cheapest of the 
three fuels, I recommend the installation of steam power equipment 
in the pumping station.
Pumping Station Machinery
The supply pump will be a compound outside packed 
plunger pump and must be capable of delivering 610 g.p.m. against 
a head of 20.5 feet or 8.9 lb. per sq. inch. Two 8" x 12” x 9" xl2*
pumps will be installed and each requires 11 feet by 5 feet of
floor space. The service pump for the lower system must be capable 
of delivering 450 g.p.m. against a head of 235 feet or 102 lb. 
per sq. inch. Two 10" x 16" x 12" x 12" compound duplex outside 
packed plunger pumps, which require a floor space of 11 feet by 
5 feet each, will be installed. The requirements for a pump 
supplying the second distribution system are 150 g.p.m. against 
a head of 336 feet, or 146 lb. per sq. inch. Two 8" x 12" x 9" xl2"
compound duplex outside packed plunger pumps, which requires a
floor space of 11 by 5 feet for each pump, will be installed, one 
for each distribution system. The fire pumps are connected so 
either pump can be used on either distribution system.
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The pumps for fire equipment must he capable of de­
livering 700 gallons per minute against a head of 243 lb. per 
sq. inch, or 560 feet for the first distribution system and
1.100 gallons per minute against a head of 436 feet, or 189
lb. per sq. inch for the second distribution system. Two duplex 
plunger pumps 8” x 12" x 6" x 12" capable of delivering
1.100 g.p.m. at 200 lb. pressure will be installed, one for 
each distribution system. Each pump requires a floor space of 
10 feet 11 inches by 4 feet 2 inches.
Three 150 horsepower boilers will be required, two will 
be placed in a battery while the other is situated 6 feet south 
of the battery. The floor space necessary for each boiler is 
24 by 9 feet. Auxiliaries such as boiler feed pump and water 
heater are required and their position in the pumping station is 
shown on the plan of the station fsee Pig. 3). The position and 
water piping layout is shown on the same plan.
The office is located in the northeast corner of the 
building and the room immediately west of the office is to be 
used for storage purposes. A room built above the main floor 
on the south end is to be used as a laboratory and space adjoin­
ing is utilized for storing chemicals and the alum mixing tank. 
Table 9 shows an itemized cost of the machinery in the pumping 
station.
39
X. SUMMARY OP COST
The different improvements required for this water 
supply are the dam, intake, pipe line to the wet well, rapid 
sand filter plant complete, pumping station complete, special 
pipe line to second system, the force main to the lower distri­
bution system, and the distribution system.
In computing the capitalized cost of each improvement, 
a life of 25 years was assumed for all structures, except cast 
iron pipe, dam, intake, and wet well. The life of these improve­
ments was assumed to be 50 years. Interest on the investment 
was figured at 6 per cent. Taxes and fire insurance were not 
figured in computing the capitalized cost of the plant because 
the tax rate and insurance is not sufficient to make an appre­
ciable change in the cost. However, to cover every possible 
expense these items should be added. Table 17 shows the 
annual cost of various items composing the proposed public 
water supply.
The total first cost of the proposed improvement,
*>120,771.00 and the capitalized cost is #312,106.00, or #28.50 
per inhabitant.
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XI. SUMMARY
The source of the proposed water supply is licking 
River where a dam 10 feet high impounds a supply sufficient to 
tide over periods of low flow. The character of the water is 
such that filtering is necessary and a million and a half 
gallons per day filtering plant is designed for this purpose.
The pumping station will be adjacent to the filter 
plant and will contain all the machinery necessary for the 
operation of the water supply.system. Coal will be obtained 
by running a track from the Ohio Electric Railway to the 
plant, lhe distribution system will be composed of two systems 
of pipes, one supplying the territory below contour 840 and the 
other supplying the territory above this contour. Each dis­
tribution system will be independent of the other and supplied 
by pumps situated in one pumping station.
XII. RECOMMENDATIONS
To secure the best supply of water for the least cost,
I recommend the Licking River as the source of supply, since 
the quality will be all that can be desired after passing 
through some sort of purification treatment.
I also recommend the installation of a rapid sand 
filter plant to guard against disease epidemics often carried 
by contaminated water supplies. The water should be filtered 
to secure a clear, wholesome supply of fresh water at all 
times during the year, She raw river water carries considerable
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dirt in suspension during flood periods.
I recommend that the distribution system be made into 
two distinct systems with no connection between them except 
for the fire pumps, because 25 per cent of the population live 
in the hills in the southwest part of the city which is above 
contour 840. The lower system will supply water to the business 
district and to 75 per cent of the population of the residential 
district. The upper system supplies the population above 
contour 840. Furthermore, I recommend the pumping facilities 
for the two distribution systems be placed in the same building, 
because the combination is more economical than maintaining a 
substation.
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